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Ⅰ. Introduction
Ant colony optimization algorithm [1 ， 2 ， 3] , which began in the last century 90's, can be compared with the genetic algorithm which is established by the simulation of human evolution. It was first proposed by Italy scholar M.Dorigo etc. in 1991, it is a kind of evolutionary algorithm of bionic structure of simulation of ant foraging to seek the shortest path behavior. The inspiration is the social synergy that imitates the ants to communicate with the pheromone which guide the action of each ant, which is a self-organizing process guided by the greedy method.
The essence of ant colony foraging behavior is a kind of distributed collaborative optimization mechanism.
It is almost impossible for individual ant to find the shortest path from nest to food source, but it is so easy for many ants to do that, the collective behavior of the ant colony composed of many ants highlights the wisdom of the ants, namely the ability to find the shortest path. Because ants have no sight, the process of communication in movement is indirect, that is, an ant releases a certain amount of information element on the path it passes through, other ants move where there is many more and more pheromone by the existence and strength of perception. The 'intelligent' behavior of ants is also reflected in the adaptability to the environment.
When ants forage and encounter obstacles, they can avoid obstacles and find the optimal path to meet the constraint conditions in a shorter time. This kind of indirect communication between individual, to change environment and perception of environment, is called social synergy optimization mechanism.
Since the ant colony optimization algorithm succeed in solving the traveling salesman problem (TSP),it has achieved good application results to solve the vehicle scheduling, quadratic assignment, job shop scheduling problem, graph coloring problem, integrated circuit design and communication network in load problem [4] .
Ⅱ. Principle of ant colony algorithm
M. Dorigo has been aware that ant system (ant system, AS) searching optimization process is slow and it is easy to stagnate, through continuous improvement, he in 1997 proposed ant colony system (ant colony system, ACS) [2] , this is one of the best performance of The initial situation, pheromone on each path is equal, noted asτ0, select randomly some ants, noted as σ ,some city of ants setting out, noted n.. Using Suppose the current city which the ant k stays is r, and then according to the formula 1 and the rule of probability formula 2 to select the next city s:
is the probability that When all of the ants have completed an ergodic, the global pheromone updating is based on Formula 4 and 5:
Lgb is the length of the global optimal ergodic.
Ⅲ. Improved ant colony algorithm
The ant colony algorithm proposed firstly by Dorigo M. etc. has slow convergence rate and premature convergence and low accuracy problem, he himself and other researchers made some improvements from mechanism, introducing operator and restricting candidate set etc.
Improved mechanism of algorithm itself
In the ant colony system (ACS), Dorigo M. introduced the pseudo random proportional rule (PRPR) to have the relationship to the balance between mining and exploration; in order to increase the diversity of the search, local pheromone updating rules are introduced; in order to enhance pheromone which ant passed by the optimal path and accelerate the convergence, the global pheromone updating rules are defined. In order to avoid search stagnation problem, German scholars Thomastuzle and Holerhoos introduced pheromone smoothing mechanism which constraints the range of pheromone on the path, this is max min ant system (MMAS). According to the distribution uniformity of optimization something about balancing the relationship between preventing premature convergence and accelerate the convergence, the adaptive ant colony algorithm based on distribution uniformity degree is proposed in literature [5] , which can adaptively adjust the information pheromone updating strategy and route to choice probability. From the view of establishment of information pheromone diffusion model, based on better collaborate between near ants, the new ant colony algorithm which simulates real ant colony system is proposed in literature [6] , which effectively improve the performance of the algorithm. A kind of TSP algorithm is mainly proposed in literature [7, 8] , in the solution of subsection or meeting, two ants together search for a path, so that the search speed can be improved. Another ant colony algorithm is proposed in literature [9] , its effectiveness and robustness is stronger, it is based on pheromone limited classification, information pheromone is updated through classes updating, and the pheromone updating quantity does not depend on the objective function value. The authors in literature [9] proposed a kind of ant colony algorithm based on pheromone concentration, in order to improve the efficiency of the search space; the thinking is the introduction of centralized mechanism which adjusts information elements according to its proportion. In addition, it increases selection probability for the low information pigment solution component. proposed in the paper [15] , which is inspired by the thought of the reconnaissance troops of the human war.
The algorithm is from ant colony isolated from an army of ants scouting subgroup, the subgroup randomly search in the optimization process with a certain probability, in order to improve the diversity of the search, results of TSP simulation experiment verify the algorithm greatly accelerate the convergence speed but also overcomes the premature phenomenon.
Theory based on nearest neighbor candidate set
Candidate set theory is also an important strategy, in order to improve the convergence speed of the algorithm, which can limit the search scope of ants in a reduced search space. This is the most commonly used nearest neighbor candidate set. In literature [2, 3, 16] However, for large-scale combinatorial optimization problems such as large-scale TSP problems, it is too long for the solution and easy to fall into the local optimum, which is still worth discussing.
Ⅳ. Experimental results and its analysis
Because of the natural relationship between the ant colony optimization algorithm and the TSP problem, its birth, even to all the improvements, and also present of the new algorithm mostly have TSP problem as a test case.
The basic ant colony algorithm and the improved algorithm are applied to the TSPlib-ei151 problem, the simulation experiment (experimental environment: Intel Core 2 P7370 @2.00GHz/MATLAB7.6), the results are compared with table Ⅰ and tableⅡ.
From the experimental data of two tables, we can see that the improved algorithm is obviously better than the basic algorithm: the number of iterations is small, the convergence and the overall situation is improved. it is an effective optimization algorithm. Indeed, it is not a long time for the study of ant colony algorithm, most achievements remain just in the analysis of a large number of experimental data, and many still in the simulation stage, there is no solid mathematical foundation and it is relatively complex to selection of various parameters, therefore, from the view of improving the algorithm theory there are many urgent problems. With the development of the theory and the further research, the application of ant colony algorithm will be more and more extensive.
